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Specifications 1 1 

1. Title of the Invention 

Method for Manufacturing Fiber-Reinforced Cement Plate 

2. Claim(s) 

(1) A method for manufacturing a f iber -reinforced cement plate 
characterized by making a raw material slurry, containing, of the total 
content, 3 to 10 wt . % , and preferably, 6 to 8 wt . % asbestos, 0 to 7 w: . ' , 
and preferably 4 to 6 wt . % pulp (with the total amount of the pulp and 
asbestos being 10 wt . % or more of the total content), tc 2 wt . % high 
tensile strength organic synthetic fibers with a tensile strength of 9 
g/dr or higher and a coefficient of extension of 5 to 10%, and a balance 
of cement. 

(2) The method for manufacturing a fiber-reinforced cement plate 
of claim 1 wherein the fineness of the high tensile strength organic synt het i. t 
fibers is 15 to 25 denier. 

(3) The method for manufacturing a fiber-reinforced cement plate 
of claim 1 or 2 wherein the length of the high tensile strength organic 
synthetic fibers is 5 to 25 mm. 

(4) The method for manufacturing a fiber-reinforced cement plate 
of any of Claims 1 to 3 wherein the slurry is obtained by mixing ana agitating 
the asbestos and high tensile strength organic synthetic fibers in advance 
and then mixing and agitating this with the pulp, cement and water. 

(5) The method for manufacturing a fiber-reinforced servant plate 
of Claim 4 wherein the mixing and agitating of the asbestos and high : . • 

* Number in margin indicates pagination in the foreign text . 



strength organic synthetic fibers is performed with willow. 

(6) The method for manufacturing a fiber-reinforced cement: plate 
of any of Claims 1 to 5 wherein the cement is a mixture of an expander 
mixed with an equal amount of Portland cement or less. 
3. Detailed Specifications 

This present invention relates to a method for manufacturing a cement 
plate reinforced with organic synthetic fibers. 

As is well known, cement moldings are poor in tensile strength and 
impact strength; hence, it is necessary to reinforce them with fibers 
when they are used as plates for construction. 

A typical fiber- reinforced cement plate is an asbestos fiber - re in forced 
cement plate. Class 4, 5 and 6 asbestos are used for the asbestos in 
this asbestos fiber-reinforced cement plate, and the amount added IIS 
thereof is 15 to 25% of the total amount. The bending strength of the 
asbestos fiber-reinforced cement plate corresponding to this added amount 
is 200 to 300 kg/cm : . 

Incidentally, the majority of the domestic demand for asbestos is 
dependent on imports. However, the availability of asbestos hss bec:o\e 
noticeably difficult recently as worldwide asbestos sources are being 
exhausted. The status quo is that reinforcing fibers are in demand ~o 
take the place of asbestos fibers because the mechanical strength or asb^^zo^ 
fibers is not that superior, etc. 

It has been known in the past that cement products were reinf c r rea 
with synthetic fibers. But these synthetic fibers were mostly ::e:pr_ 
for preventing hairline cracks in the cement molding. It has been riear.y 
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proven experimentally that they do not serve to improve the bending strength 
of cement moldings. 

As a rule, the mechanism for strengthening cement moldings with fibers 
cannot be discussed unconditionally, but it can be explained roughly as 
follows . 

Now when a tensile force acts on fiber-reinforced cement :sv . .; . , 
the majority of the tensile force thereof is shared by the fibers, in 
this case, if the cross section of the fibers is Si, the Young's modulus 
of the fibers is Ei, the section of the cement matrix is S 2 , the Young's 
modulus of the cement is E 2 , and the tensile force is F, the tensile force 
X acting on the fibers is: 

[ ! 

x - p { 5t xi , ;> — — ® 

The smaller the ratio E :: /E L of the Young's modulus of the fibers and the 
cement, the larger the distribution rate of the tensile force on the fibers 
may be . 

If the tensile force is shared by the fibers, as described above, 
the tensile force thereof acts as a shear force in the interface between 
the fibers and the cement. In this case, if the tensile stress acting 
on the fibers is 5, the shear stress acting on the interface between the 
fibers and the cement is x, the fiber diameter is d, and the fiber length 
is 1, then: 

M\ J , 

and thus 



s i_L^ ? , 

According to Equation 2, the shear stress can be sufficiently reduced 
in the interface between the cement and the fibers if the fiber length 
1 is long enough even if the tensile stress 5 of the fibers reaches the 
breaking strength. Therefore, the shear fracture may be prevented in 
this interface and the tensile strength of the fiber-reinforced cement 
plate may be improved over that of the fibers. 

The reason the mechanism for reinforcing the tensile strength of 
a cement material by fibers does not improve the bending strength much, 
even when synthetic fibers are added to the cement material according 
to the explanation given above, is thought to be because the ratio E, E. 
of the Young's moduli of the fibers and the cement in Equation 1 is small, 
and not enough tensile force can be shared by the fibers. 

A fiber-reinforced cement plate that uses glass fibers as the 
reinforcing fibers as well as vinylon fibers having a fineness of 5 to 
100 denier and a fiber length of 4 to 40 mm is disclosed in Tokkai No. 
49-104917 . 

However, the bending strength is no more than 2 60 kg cm; when the 
there are 5 parts by weight of vinylon fibers, 5 parts by weight of glass 
fibers , 9 0 parts by weight of cement in this fiber -rein forced cement plate . 

If the ratio E : /E : of the composite Young's modulus E 2 of the glass 
fibers and the cement and the Young's modulus Ei of the vinylon : - - 
is thought to be substantially high for this fiber-reinforced cement ; 
and considered according to Equation 1, an action for sharing the tension 
by the vinylon fibers cannot be anticipated at all. That is, the action 
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of the vinylon fibers as reinforcing fibers is not manifested at ail. 

Moreover , the above-mentioned fiber-reinforced cement plate disclosed 
in Tokkai Mo. 49-104917 is manufactured by mixing and kneading the glass 
fibers, vinylon fibers and cement with water, pouring this mixture into 
a wooden mold, and curing it in air under compression. 

In the manufacture of organic synthetic fiber -rein forced cement plates , 
it is wise to use existing sheetmaking devices which are usee; In - t • 
manufacture of the asbestos -reinforced cement plates from the standpoint 
of equipment expenses. In this case, there are problems peculiar to 
sheetmaking methods when organic synthetic fibers are mixed in place ot 
asbestos fibers, such as the problem of aggregation and the problem ,' 119 
of scooping up organic synthetic fibers. There are various problems in 
the manufacture of the fiber-reinforced cement plate disclosed in Tokkai 
No. 49-104917 by a sheetmaking method. 

However, as a result of mixing and agitating special vinylon fibers, 
which are high tensile strength organic synthetic fibers with a fineness 
of 15 to 25 denier, a coefficient of extension of 5 to 10%, and a tensile 
strength of 9 to 12 g/dr, asbestos and water, making sheeting from this, 
and curing this sheetmaking material outdoors, the inventors of the present 
invention were able to obtain a fiber-reinforced cement plate with a bending 
strength of 3 00 kg /cm- or higher by suitably selecting the compounding 
ratio of the asbestos, organic synthetic fibers and cement. 

For example, as a result of making a 6.0 mm thick sheet from an - ; 
concentrated slurry comprising raw materials, i.e. , 10 wt . - or - ^ mm. . ;::t 
high tensile strength organic synthetic fibers with a 15 denier imer.ess, 
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10 wt . % of asbestos and 89 wt.% of cement by means of an ordinary wet 
machine, subjecting this original plate for sheetmaking to compress io 
molding for 3 minutes at 80 kg/cmy and curing it outdoors, the tendin 
strength on the 7" : * and 14 ::: day after the start of curing was ':. 1 : ku err 
and 3 60 kg/cm", respectively. 

The ratio E : /E : of the composite Young's modulus E 2 of the glass fiber 
and the cement and the Young ' s modulus Ei of the vinylon fibers in a pretotyp 
of the above-mentioned fiber-reinforced cement plate developed by zhe 
inventors of the present invention is small, and as seen by Equation 1 
the tensile force shared by the high tensile strength organic syntheti 
fibers would be high . Therefore , the high tensile strength organic syntheti 
fibers act effectively as a reinforcing member. The above-mentioned 
superior bending strength is considered to be manifested as a result o 
this . 

The method for manufacturing the fiber-reinforced cement place 
pertaining to the present invent ion was explained on the basis of experiment a 
findings in which an organic synthetic fiber-reinforced cement, plate havin* 
a superior bending strength, as described above, and also superior impac 
resistance performance and high deflection may be obtained if the 
aforementioned organic synthetic fibers, such as special vinylon fibers 
and asbestos fibers are combined at a specific ratio and sub- ec t : _ 
sheetmaking. This is a method which eliminates the describe::; pre . -::b 
of the organic synthetic fibers at the time of sheetmaking, ana ~ 
same time, is capable of industrially producing an organic synthetic 
fiber-reinforced cement plate having superior bending strength and impac 



resistance and a high deflection. 

That is, the method for manufacturing a fiber-reinforced cement plate 
pertaining to the present invention is a method characterized by making 
a raw material slurry, containing, of the total content, 3 to 10 wt . * , 
and preferably, 6 to 8 wt . % asbestos, 0 to 7 wt . % , and preferably ^ to 
6 wt . % pulp (with the total amount of the pulp and asbestos being 10 wt . : 
or more of the total content) , 0 . 5 to 2 wt . % high tensile strength organic 
synthetic fibers with a tensile strength of 9 g/dr or higher and a cc ef : i t lent 
of extension of 5 to 10%, and a balance of cement. 

The fineness and length of the high tensile strength organic synthetic 
fibers used in the present invention are 2 to 25 denier cind 2 to 2 5 mm, 
respectively . 

It is unfavorable if the fineness is greater than 25 denier because 
the elongation becomes high, the aforementioned Young's modulus becomes 
small , and the degree of sharing of the tensile force by the organic synthetic 
fibers, which was explained according to the described Equation 1. :: 
the fineness is less than 2 denier, the yield point of the organic synthetic 
fibers is reduced and the tensile strength is poor. 

Moreover, it is unfavorable if the fiber length is less than ; :ct- 
because the tensile stress acting on the fibers explained acc:rc;::::; to 
described Equation 2 previously may not be high enough. If ir. is higher 
than 2 5 mm, aggregation of the organic synthetic fibers which will be 
described later becomes marked, which is unfavorable for mixing organic 
synthetic fibers in a short length of time. 



The above-mentioned ratio of the organic synthetic fibers, asbestos, 
puip and cement is selected so that a bending strength of 200 to 300 kg cm 
can be ensured for the fiber-reinforced cement plate to be totamed in 
the end. 

This bending strength varies due to many factors, such as the mechanical 
properties, length, and fineness of the organic synthetic fibers, ' :-• • 
composite mechanical properties of the asbestos, pulp and cement, etc., 
as interpreted from the described Equations 1 and 2 previously. 

The reason for adding the pulp, 'as needed, in the present invention 
is to distribute the sawing and nailing properties, etc. The reason for 
limiting the amount of pulp added to 7 wt . % or less is because the __2 
bending strength is reduced if it is 7 wt . % or less. 

The reason for limiting the amount of the asbestos added :o 3 to 
10 wt . % and the amount of the organic synthetic fibers added to 0 . 3 to 
2 wt.% is to ensure a bending strength of 250 to 300 kg/cm" . If the amount 
of asbestos is less than 3 wt . % and the amount of organic synthetic fibers 
is less than 0.5 wt.%, this strength cannot be ensured. Of the amount 
of organic synthetic fibers is higher than 2 wt.% and that of asbestos 
is higher than 10 wt.%, the bending strength is higher than 300 kg cm . 

The reason for limiting the total amount of the asbestos and pulp 
to 10 wt.% or higher is to increase the scooping up rate of the solid 
content besides the cement and ensure dispersibi li ty of the organic synchet : c 
fibers. Furthermore, the concentration of filtered water is recucec aria 
also the sheetmaking property is excellent if 0.003 to 0 . 1 .3 - or an. organi c 
polymer flocculant is added, with respect to the solid. 
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In the present invention, it is preferable to charge the willow with 
the organic synthetic fibers while the asbestos is subjected to f iberizing 
with the willow, and mix and agitate the asbestos and organic synthetic 
fibers in advance. Hence, the organic synthetic fibers can be disperse:! 
uniformly by shortening the agitation time when the slurry is mixed and 
agitated . 

In the present invention, a cement in which an equal wt . * or less 
of expander, such as silica sand, is mixed with Portland cement can be 
used as the cement. By using a natural or man-made lightweight aggregate, 
such as Shirasu balloons, lapilli, and expanded clay ["clay" misspelled 
in source] , the processabili ty , such as sawing and nailing, is improved. 
Hence, lower cement costs can be planned, and a reduction in the bending 
strength can be halted within 8% as compared to when only Portland cement 
is contained. 

In the present invention, special advantages from using the organic 
synthetic fibers as the reinforcing fibers can be cited. Although chemical 
bonding between the glass fibers and the matrix cannot be avoided and 
the deflection of the plate material becomes small when glass fibers or 
the like, which are inorganic f ibers , are used, the chemical bonding mentioned 
above does not occur and the deflection is reduced remarkably in the case 
of organic synthetic fibers. 

The practical examples of the present invention are explained next . 

A basic method used in each practical example is as follows. 

A slurry of a prescribed concentration is obtained by mixing .and 
agitating the high tensile strength vinylon fibers and asbestos o 

10 



and then this mixture is mixed with the pulp and cement and agitated with 
a prescribed amount of water in a pulper. This slurry is supplied to 
the vat of a wet machine, subjected to sheetmaking through a 6 0 mesh round 
sieve cylinder, the thin sheet-making film is transported :>n a teit belt 
and the thin film on the felt belt is taken up by a making roll. The 
thickness of the thin sheet-making film is 0 . 5 mm. The moisture content 
of the thin film thereof is adjusted to 25% by suction on the trcnt 3 roe 
of the making roll. If the taking-up thickness of the making roll reaches 
6 mm, the taken-up material is cut open and peeled from the making roll, 
and press-molded at an average pressure of 80 kg /cm". The molding is cured 
spontaneously by outdoor exposure. 
Practical Example 1 . 

A 5% concentrated slurry comprising 0.6 wt . % of high tensile strength 
vinylon fibers (length: 10 mm, fineness: 15 dr; trade name: VPM 15 0 2-10 
mm and available from Kuraray Co., Ltd.), 0.8 wt . % of regenerated pulp, 
10 wt . % of asbestos (class 6 chrysotile asbestos according to the criteria 
of JIS-A-5403), and 87.9% of cement (Portland cement according to the 
criteria of JIS-R-5210) was produced in a standard method and this was 
made into sheeting in a standard method. 
Practical Example 2 . 

A 9% concentrated slurry comprising 1.0 wt . % of high tensile strength 
vinylon fibers (length: 10mm, fineness: 20dr; tradename: KE2C and available 
from Kuraray Co. , Ltd. ) , 5.0 wt . % of the above-mentioned regenerated pulp, 
7.0 wt . % of the above-mentioned asbestos, and 87% of the above -vent i ireo 
cement was produced in a standard method and this was made irwa sheet :nv 



in a standard method. 
Practical Example 3. 

A 5% concentrated slurry comprising 1.0 wt . % high tensile streng: 
vinylon fibers (length: 10 mm, fineness: 15 dr ; trade name: VF12 0 3 -1. an 
available from Kuraray Co., Ltd.), 5.0 wt . % of the above-mentioned 
regenerated pulp, 7.0 wt . % of the above-mentioned asbestos, and " * o 
cement (47 wt . % of Portland cement and 40 wt . % of silica sand) was produce 
in a standard method and this was made into sheeting in a standard method 

No aggregation of the high tensile vinylon fibers was seen while 
mixing and agitating the slurry in any of the above-mentioned practica 
examples. Moreover, the concentration of the filtered water was 0.7% 
or less in any of the practical examples, and the sheetmaking efficienc 
also was excellent. 

The original plates obtained in the practical examples 1 to 3 wer 
cured spontaneously by exposure outdoors, and as a result of 
measuring the bending strength, deflection and Charpy impact on the - 
7* h and 14 :n day as well as 1 month after curing started, the values wer 
as given below. 
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As seen from the above-mentioned value, according to the pu: 
invention, organic synthetic fiber-reinforced cement plates v;ith bending 
strengths of 250 to 300 kg /cm" and high impact resistance can be manufactured 
industrially by an existing sheetmaking device. 
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SPECIFICATION ;_ : 

1. Title 

Polyvinyl Alcohol Synthetic Fiber for Cement Reinforcement Use 

2 . Claims 

1. Polyvinyl alcohol synthetic fiber for cement reinforcement 
that is coated with 0.05 to 2.0 % by weight of polyvinyl aico:iol 
having polar groups. 

2. Polyvinyl alcohol synthetic fiber for cement reinforcement use 
stated in Claim 1, wherein the fiber is coated with 0.05 to 2.0 % by 
weight of an admixture solution containing 20 % by weight or higher of 
polar-group- free polyvinyl alcohol based on the polar-group -containing 
polyvinyl alcohol . 

3. Polyvinyl alcohol synthetic fiber for cement reinforcement use 
stated in Claim 2, wherein the fiber is coated with 0.05 to 2.0 % by 
weight of an admixture solution that is comprised of the aforesaid 
admixture solution of the polar-group-containing polyvinyl alconol and 
polar-group- free polyvinyl alcohol and of 20 % or more by weight or a 
fiber- treatment oil agent based on the total polyvinyl alcohols. 

3. Detailed Description of the Invention 

The present invention pertains to polyvinyl alcohol (heremarter 
abbreviated as PVA) synthetic fiber for improving, in particular, 
bending strength of inorganic molding materials and building an:; 
* Number in the margin indicates pagination in the foreign *:e:-:t. 



structural components composed of various kinds of hydraulic cement 
such as Portland cement, etc. 

According to the present invention, PVA fiber is coated with a 
PVA having polar groups so as to form electrical and chemical affin 
between the PVA fiber surface and the surface of cement particles o 
cement gel, thus achieving the initial -adsorpt ion and permanent - 
adhesion effects of said PVA, and, without adversely affecting this 
electrical and chemical affinity and adhesion, the combined use of 
f iber- treatment oil agent with the PVA further improves the 
dispersibili ty of the fiber in water or hydraulic matrices, such as 
cement, etc., and thus increases the fiber's contribution to bendm 
strength. More specifically, the present invention uses a PVA havin 
polar groups alone or mixes and uses it with a regular PVA that doe 
not have polar groups and also with a fiber- treatment oil agent so 
to modify the PVA fiber surface and to improve its adhesion and 
dispersibili ty, thereby providing PVA fiber that can prevent what : 
called a "slip-out" phenomenon, that is, a phenomenon in which fire 
comes out from a hydraulic matrix, such as cement, etc., and than 
fully exerts its effects as a cement-reinforcing fiber with its 
mechanical properties . 

Structures and formed products (hereinafter referred t d as 
formed products, etc.) of various types of cements, a typical examp 
of which is Portland cement, have been extensively used in the tie_ 
of construction and civil engineering owing to their exce_e:;t 



compression strength, incombustibility, durability, and the like as 
well as their low cost. However, they have weak impact resistance and 
extremely poor bending strength and readily form cracks. To c or:-':: 
these shortcomings, there are (1) a method that uses steel frames ana 
reinforcing steels, (2) a method that mixes inorganic fibers or 
organic fibers, and (3) a method that combines methods 1 and I for 
increasing the effects of these methods. The present invention 
pertains to methods 2 and 3. Although various proposals have been made 
with respect to methods 2 and 3, there is no satisfactory method at 
present. A typical example of inorganic - fiber reinforcement is seen in 
asbestos cement slates, etc., which use asbestos. However, it has oeer: 
strongly pointed out in recent years that asbestos is toxic from the 
viewpoint of handling. In addition, most of the asbestos supply must 
be imported, and one hears about the depletion of world asbestos 
supplies and the resulting price increase. Accordingly, there is a 
demand for a material that can replace asbestos as an industrial 
material . 

Reinforcement with the use of glass fibers has also been 
considered in various proposals. Glass fibers, however, corrode due to 
the strong alkalinity of cement slurry or mortar, and it is c: Vr:ua 
for them to retain their strength for a long period of time. As 
disclosed rn JP-A-S49-99311 , the use of glass fiber, inrvaai:;:: Ir 
to which is imparted alkali resistance has been proposed, cat its- 
deter iorat ion in formed products over an extended period of time :s 



4 



not negligible; thus, this method does not provide a satisfactory 
solution. In recent years, attempts have been made to reinforce cenent 
with [illegible] fibers, but they do not adhere well to cement and 
they present a further problem of deterioration by rusting. 

Also proposed is the use of various types of organic fibers for 
reinforcement. The main objectives of reinforcing cement ferried 
products, etc., with organic fibers are (a) improvement of xcccic^. 
resistance, (b) improvement of flexibility (bending strength), and : 
improvement of both (a) and (b) . Characteristics that are essentially 
required of fibers in order to achieve the aforesaid objectives are 
appropriate ductility for absorbing impact in the case of achieving 
objective a, and, in the case of achieving objective b, a Young's 
modulus of elasticity and strength that are higher than those of cured 
cement products according to general reinforcement theories. In order 
to effectively utilize these characteristics, fibers must be uniformly 
dispersed in cement formed products, etc., and must have excellent 
adhesion to cement. Furthermore, the fiber properties should, n:-t 
deteriorate in cement formed products that exhibit strong alkalinity. 
In other words, having good alkali resistance over a long period ^: 
time is another absolutely essential requirement when the use 
condition of formed products is considered. None of various organic 
fibers that have been proposed thus far satisfies the aforesaid 
conditions, though they may, at best, achieve ta> improvement ?r 
impact strength. More specifically, polyolefm fibers, sum as 



polypropylene, polyethylene, etc., have low strength and a low Young's 
modulus of elasticity and also have low adhesion strength because they 
are hydrophobic; as a consequence, they do not contribute to the 
improvement of bending strength although they Improve impact /• \r-.-r: ■■ * :: 
slightly because they have large ductility. The same can oe said i :-r 
polyamide fibers, such as Nylon 6, Nylon 66, etc., poIy(vinyl 
chloride), poly ( vinylidene chloride)", and the like. Although polyester- 
fibers have relatively high strength and a high Young's modulus of 
elasticity, the ester groups in the macromolecular chains that form 
these fibers are hydrolyzed with an alkali, and, as a matter of course, 
the Young's modulus of elasticity and strength deteriorate 
substantially. Therefore, it is a widely known fact that the 
application of these fibers to cement formed products, etc., 
exhibiting strong alkalinity has a fundamental problem. Furthermore, 
reclaimed fibers, such as rayon, etc., also have a shortcoming with 
respect to alkali resistance, and natural fibers, such as wool, cotton, 
etc., swell in an alkaline condition and also exhibit low strength ana 
a low Young's modulus of elasticity. 

Among general-purpose organic fibers, PYA synthetic fibers, wnicn 
are said to have a high Young's modulus of elasticity, high srrer.ot:, 
and high alkali resistance and also said to have relatively yse-ci 
adhesion with cement because they are relatively hydrophilic, ::yv: '*•- 
(b) flexibility, and they can also improve impact resistance sine-.- 
they exhibit appropriate ductility; therefore, it is a widely .-mown 



fact that they are suitable as reinforcement material for cement 
formed products, etc., and a large numoer of patents have been applied 
for on this subject. For example, a method for preparing slates with 
the use of PVA fibers having high strength and low ductility has nee:: 
proposed. However, when this and other methods proposed in u i . •< u • 
patents were replicated, it was learned that the physical p:' p- -r ' : 
of PVA fibers were not fully utilized. More specifically speaking, ^he 
PVA fibers inside slates exhibited what is called a "slip out" 
phenomenon, that is, a phenomenon in which the fibers are pulled out 
from a hydraulic matrix, such as cement, etc., when a bending fracture 
takes place; thus, it was found that the adhesion of the fibers / 3 5 3 

with cement, which is the matrix in cement formed products, was not 
satisfactory . 

The present inventors researched extensively to prevent this 
"slip out" phenomenon and, as a result, learned that, when the surface 
of a PVA fiber was improved by applying only a PVA having polar groups, 
by mixing it with a regular polar-group- f ree PVA and applying -he 
mixture, or by further adding a fiber treatment oil agent to trie 
mixture and applying it, thus improving the adhesion ana 
dispersibility of the PVA fiber, it becomes possible to fully utilize 
the PVA fiber's mechanical properties so as to achieve its ertects as 
a cement-reinforcing fiber. Based on this finding, the present 
invention was achieved. 



Generally speaking, according to the reinforcement mechanism, 
when a tensile force is applied to a composite material in which short 
fibers are evenly dispersed in a cement matrix and the fiber and 
matrix bend in one piece according to the Hooke ' s lav;, the averaae 
tensile stress a 'of this composite material is given by r:he :: ol 1c wi no 
equation : 

Or = [E r VrTl + E :r (1-V f ) ]£ 
wherein E f and E m are the modulus of elasticity of the fiber and that 
of the matrix; V r - is a volume fraction; £ is distortion; and l] is the 
orientation coefficient of the fibers. Since the stress at the time of 
bending can be divided into a compression-side stress and pull -side 
stress, Equation 1 can be employed. 

From this Equation 1, one can see that, when the modulus of 
elasticity of the fiber is higher and the volume fraction is higher, 
the tensile stress of the composite material becomes higher and 
effective. From an economical point of view, however, it is, or course 
better to achieve a higher effect by adding fibers having a high 
modulus of elasticity at a low rate. If one further studies the effect 
one finds that, in addition to the effect of the orientation 
coefficient of the fiber, the effect of the interfaciai adnesicn 
strength between the fiber and matrix is necessary. In other woras . 
the reinforcing efficiency becomes an issue. As stated in the 
foregoing, perfect interfaciai adhesion strength cannot be expeitea 



from any organic synthetic fiber. For this reason, the idea of the 
minimum required length and limiting aspect ratio of the fibers 
surfaces. When a tensile force acts in the axial direction or the 
fibers and causes a fracture, the following relationship is present. 
When the fracture is determined by the ultimate shear adhesion 
strength T M , 

i /d = <W2T M (2) 
and when it is determined by the ultimate axial directional stress 
a : [illegible ] , 

IJd = Of [illegible] / 2x (3) 
Here, <\ is the limiting length of the fiber; d is the diameter of th 
fiber; G r is the axial directional stress of the fiber; i is the shea 
adhesion stress of the fiber and matrix. 

In the aforesaid Equations 2 and 3, r : ,/d (limiting aspect ratio) 
has a direct relationship with T M and O r [ illegible] , and the length 

of the fibers must be i > T_ . 

As seen in the foregoing, for fiber-reinforced cement concrete, 
it is expected that i : / d must be large to make up for insufficient t 
and T M if the "slip out" phenomenon of the fibers is to be prevent..-:;. 
Reducing d and increasing that is to say, t, to increase o 

not a problem, theoretically, but it presents problems in actual 
processing and operation. This amounts to decreasing the fiber s 
increasing the fiber length. If the -size of the fiber is be lev: a 



certain degree, this leads to problems in operation, and, even if a 
is increased, fiber balls, etc., will be formed, thus presenting 
problems with respect to dispersion. Thus, for achieving uniform, 
dispersion, it is better for I to be as short as possible, : * 
fiber will not exhibit a reinforcing effect because of the Limit in:: 
aspect ratio. Therefore, the present invention solved the y . : - • v. i 
obtaining both the reinforcing effect and good dispersion, mat it. to 
say, increasing T M and T, by treating the surface of ?VA fiber. 

As the method of improving the inter facial bonding strength 
between a fibrous reinforcing material and cement matrix, methods of, 
for example, coating fibers with vinyl emulsion resins are presented 
in JP-B-S43-19432 , JP-B-S53 -6168 , etc. The adhesion of reinforcing 
fibers and hydraulic substances, such as cement, etc., not only 
involves physical adhesion strength but also initial adsorption ana 
affinity to the fiber surface. By increasing these by means of an 
electrical interfacial phenomenon and chemical reaction oetween 
reinforcing fibers and the cement particles and cement gel in a cemen 
matrix, permanent adhesion is formed in the process of hydraulic 
solidification of the cement matrix, thus further strengthening the 
adhesion. In this manner, the present invention provides a novel ?VA 
fiber with enhanced adhesion. 

As the PVA fibers for use in the present invention, any , r me 
f allowing (1) through (6) may be used: 

i r, 



(1) fibers prepared by wet-spinning a completely saponified PVA 
aqueous solution in a Glauber's salt and' by drawing / heat - treat, ing at a 
total draw ratio of 600 % or higher, 

(2) fibers obtained by acetalizing the fibers described in ii) under- 
stretched and non-stretched conditions, 

(3) fibers having a draw ratio of 900 % or higher and a boric acid 
content of 0.1 to 0.7 % that are prepared by adding boric acid to a 
completely or partially saponified PVA and by spinning it in a caustic 
alkali Glauber's salt bath, 

(4) fibers obtained by acetalizing the fibers described in (3) under 
stretched and non-stretched conditions, 

(5) fibers having a total draw ratio of 800 % or higher that are 
prepared by dry-spinning a completely saponified PVA, and 

(6) fibers described in (1) through (5) that are in a f i lament - shape 3 64 
or a tow-shape. 

The surface treatment can be carried out by any of the following 
methods or the like: 

(1) a method according to which, in a wet-spinning process, filaments 
or tows that have been washed with water are subjected to an immersion 
treatment in a stretched condition and then undergo a drying pr:crd- 
and drawing/heat-treatment process, followed by winding i an in- 
process, predrawing treatment method), 

(2) a method according to which, in a wet-spinning process, filaments 
or tows that have been washed with water and dried undergo a 



drawing/heat- treatment and subsequently are subjected to an immersion 
treatment in a stretched condition and then dried, followed, by windin 
(an in-process, post-heat-treatment treatment method), 

(3) a method according to which filaments or tows that have been spun 
and wound to form a finished product are once again continuously 
washed with water and swollen in a stretched condition and introduce:! 
into a treatment tank for coating and then dried and wound ia 
posttreatment method) , and 

(4) a method according to which filaments or tows that have been spun 
and wound to form a finished product are cut to a given length, and 
the short fibers are treated by immersing them in a treatment soiucio 
and then dried (a post-cutting, posttreatment method) . 

However, the method that does not adversely affect the proper: le 
of the fibers and that yields good adhesion and dispersion is Method 
the in-process, predrawing treatment method. According to this method 
the swollen fibers are immersed in a treatment tank in a stretcheo 
condition and dried; therefore, the coating adheres well to the 
fiber surface, and, because the fibers further undergo a drawing :t * 
treatment process, adhesion among the pasted fibers is eliminated, 
thus improving dispersion and swelling in water. Thus, this is tne 
best method. The (2) in-process, post-drawing treatment [sic; is - he- 
same as what is called a fiber-finish-treatment method. This vethoo 
causes a slight deterioration in dispersion, but the properties t:: 
fibers do not change, and the treatment is easily carried out. Tne 



post treatment method has a problem in that fibers that have been v;ound 
once are treated and processed again. However, it is a suitable method 
for treating small quantities. The (4) post-cutting, post treatment 
method is troublesome from the viewpoint of handling, and, oe cause iz 
is a non-stretched treatment, the Young's modulus of PVA fioe rs * •.• :'. 
to decrease or ductility to increase, but it is suitable for a sma 1 1 - 
quantity treatment or batch processing. 

The following explains the polar-group-containing ?VA that is 
used for the surface treatment. First, as cationic PVAs, there are 
aminoacetaiized PVAs obtained by a post treatment of PVAs and chose 
obtained by a reaction with a quaternary ammonium salt. As copolymers, 
polar-group-containing PVA copolymers can be obtained by polymerizing 
vinyl acetate monomers and copolymerizable monomers thereof and 
subsequently by saponifying the obtained ■ copolymers . Here, tne 
following monomers are used: nitrogen-containing cationic PVAs , such 
as N-allyl urethane, N-allyl acetamide, acrylcnitri le , acrylamice, 
hydroxymethyl crotonamide, N- vinyl succinimide, N- vinyl phthalimide, 
5 -ethyl -2 -vinyl pyridine, vinyl imidazole, vinyl pyrrol idone, 
allylamine, aminoalkyl acrylate, etc. 

At the same time, PVAs having anionic polar groups are also 
useful, and chlorinated, sulfonated, etc., PVAs that are obtained ;:y a 
posttreatment of PVAs can also be used. As copolymers, polar- :rrouv - 
containing PVA copolymers can be obtained by pohonerizino vinyl 
acetate monomers and copolymerizable monomers thereof ana ru; . y 



by saponifying the obtained copolymer. Here, the following monomers 
are used: maleic acid, itaconic acid, crotonic acid, acrylic acid, 
etc., and salts thereof, and these anionic PVAs are also effective. 

PVAs that are obtained from commonly used vinyl acetate and v/h 
degree of polymerization is 300 to 3000 and degree of saponi f ica :ior 
is 86 to 99.9 mol % can also be used in combination for the purpose 
improving adhesion . 

Furthermore, the aforesaid PVA resin for coating use may 
incorporate 0 . 1 to 5 % of boric acid in an acidic state. It is also 
possible to add inorganic salts and gelling agents that are also 
coagulants of common PVAs to an extent that no gelling takes place. 
Some examples are' (NH 4 ) 2 S0 4 , Na 2 S0 4/ K 2 S0 4 , ZuS0 4 , CuS0 4 , FeSO. ; , MgSO., 
Al, (SO.;) NH4NO3, KNO3, Al(N0 3 h, NaCl, KCl, Na;P0 4 , K CrO ; ,. etc. 

These polar-group-containing PVAs or these in combination with 
regular PVAs polymerized from vinyl * acetate are applied to PVA fibe 
and, if the quantity of the PVA adhering to the PVA fibers increase 
the affinity and adhesion between cement and fibers improve, but it 
also starts affecting the adhesion between fibers, thus deteriorati: 
dispersion in cement slurry or water and making it. difficult tor t. 
fibers to exert their effects. As a consequence, the oendina str-v; 
of cement formed products, etc., does not improve. Accordingly, in 
order to maintain the adhesion between cement and fibers and als: 
improve dispersion without causing adhesion between fibers, u:e 
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present inventors found that a combined use of a polar-group- 
containing PVA or regular PVA with a f iber- treatment oil agent yields 
a synergistic effect in imparting bending strength to cement formed _ 
products , etc . 

The oil agent here may be any of various types of fiber -use 
pos ttreatment oil agents, and some suitable examples of cationic ■. il 
agents are amines, such as stearic acid amylechyl ethane I amine, 
trimethyl stearyl ■ amine chloride, stearyl amine, behenic acid 
diethanol amine, etc., including quaternary ammonium salts thereof, as 
well as imidazoline- type cationic oil agents. 

As nonionic oil agents, ether compounds obtained by the 
polyethylene oxide addition of 1, 2, or 3 molecules of a higher fatty 
acid, such as stearic acid, palmitic acid, lauric acid, etc., or ester 
compounds obtained by the polyethylene glycol addition can be used. 
Furthermore, polyethylene oxide adducts, such as nonylphenyi ether, 
octylphenyl ether, isooctyl stearate, sorbitan monos tearate , castor 
oil ether, etc., and pluronic- type hydrophilic polyetners, etc., mat- 
also be used. 

Among anionic oil agents, cetyl sulfate salts' ?0E adducts, which 
are compounds of cetyl alcohols, are suitable. 

With respect to the concentration of the treatment solution, in 
the case of using a polar PVA alone and mixing and using it with a 
regular PVA, 1 to 50 gL is appropriate, and i g L or less is :tv 
sufficient adhering quantity, whereas 50 g L or higher leads to 



foaming, undesirable viscosity, etc., and thus is not desirable fr 
the viewpoint of handling. In terms of adhesion rate to PVA fibers 
0.01 to 2 % by weight of the fibers is appropriate. If the applied 
quantity of the PVA is 0.01 % by weight or less, adhesion is not 
improved much. If it exceeds 2 % by weight or higher, adhesion oet 
fibers takes place, thus hindering dispersion. It is preferably ~. 
to 0 . 5 % by weight. With respect to the mixing ratio of the polar- 
group-containing PVA and regular PVA, it is desirable to mix 2 0 % 
weight or higher of the regular PVA with the polar-group-cont ainin 
PVA. With this ratio, both the affinity and adhesion of the polar 
group-containing PVA and regular PVA with cement are utilized, thu 
strengthening the adhesion effect. 

The concentration of the fiber- treatment oil agent employed w 
it is added to the other components and used as a mixture is 1 to 
g/'L. If the concentration is Ig/L or less, the oil agent does not 
contribute to dispersibility , and a concentration exceeding 3 1 g L 
leads to poor handling due to foaming, etc., and is also not 
economical. Since it is used in combination with the polar PVA ana 
regular PVA, its adhering quantity to the fibers is 0.11 t :> 2 ■ by 
weight, preferably 0.05 to 0.5 % by weight. If the adhering quant i 
is less than 0.01 % by weight, the oil agent does not :ontr iou t e 
to adhesion and dispersibility, and 2 % by weight or mere leads 
poor handling due to foaming, etc., and is also not economical. 



The suitable addition rate of this f iber- treatment oil to the 
polar PVA or a mixture of the polar PVA and regular PVA Is 2 0 t by 
weight or more based on the total PVAs . An addition rate of 2C % oy 
weight or less is not sufficient, and the dispersion effect of the oil 
agent is small. 

Explaining three kinds of fibers used in the present invention, 
that is, fibers having a polar-group-containing PVA, fibers having a 
mixture of polar-group-containing and polar-group - free PVAs, and *: he 
preceding fibers to which a fiber- treatment oil agent is further ndaed 
firstly, electrical and chemical factors owing to the polar groups 
contained in the PVA molecular chains; cement particles and cement gel 
products, such as tricalcium silicate, dicaleium silicate, tricaioium 
aluminate, tetracalcium aluminate, etc., which are structural 
compounds in the cement hardening process; adsorption of cement 
particles and gel by the PVA-f iber-coat ing PVA and oil agent owing to 
electrical cohesion and repulsion as well as chemical aftmity; and 
cohesion and dispersion within cement particles and gel contribute to 
the improvement of initial adhesion strength. Secondly, the ?'~A ifoers 
that are surface treated and the cement solidified product aie ac::h:-h; 
at their interface, thus forming adhesion with high polymer strength 
and improving permanent adhesion. Thirdly, dispers ibi 1 i ty is imprc.-e?* 
when certain polar PVA-treated PVA fibers are dispersed in a cement 
slurry or water. This is believed to be based on the theory that 
swelling takes place owing to the PVA on the surface of the P"A : : • ■ ■ " 



and the oil agent, and these have a hemicel lulose- like dispersing 
function, as Kozo and Mitsumata used in Japanese paper. 

Filaments and tows obtained by methods other than the post- 
cutting treatment method are cut into a 2 to 25 mm length, preferably 
a 3 to 15 mm length, and dispersed in cement mortar, concrete, e~r., 
thus using them alone, or they can be used in combination wirh 
asbestos fibers, alkali-resistant glass fibers, plant fibers, sue:: as 
pulp, etc., or organic synthetic fibers. Furthermore, in the form of 
cement mortar, cement concrete, or aggregate in which the reinforcing 
PVA fibers are used, sand or gravel .may be mixed and used together 3 56 
with these, or they may be used together with reinforcing steel or 
steel frames . 

The fibers of the present invention can be utilized for pressure 
molding, vibration molding, pressure-vibration combination molding, 
centrifugal molding, paper-making [as transliterated] molding, wind-up 
[as transliterated] molding, vacuum molding, and extrusion molcing. 

The fibers of the present invention in filament form are usee; t_u 
filament winding, molded products in sheet forms, molded products in 
thick sheet forms, reinf orcing-steel-containing molded products, etc., 
that will be utilized for products that receive stress in the axial 
direction of the fibers, in the forms of woven cloth, net, or nonwoven 
cloth, they can be used for molded products in sheet forms arso 
cylindrical molded products. The scope of applications of the r"A 
fibers of the present invention encompasses any area in which these 



fibers can be utilized fully as the reinforcing material of soliditied 
cement, plaster, etc., and some examples include structural materials, 
such as cement roof tiles, thick slates, corrugated asbestos slates, 
asbestos cement boards and secondary products thereof, asbestos 
per lite boards, asbestos cement pipes for city-water use, pulp cement 
pipes, asbestos cement cylinders, excelsior and cement chip beards, 
concrete boards, concrete blocks, cast stones, mortar boards, terrazzo 
blocks, terrazzo tiles, reinforced concrete assembled walls, concrete 
prefab components, prestressed concrete double T slag, etc., planks or 
reinforced concrete planks, prestressed concrete planks, cent r i tuaal 
reinforced concrete foundation piles, reinforced concrete pipes, 
centrifugal reinforced concrete pipes, centrifugal reinforced concrete 
balls, etc. Not limited to the aforesaid cement products, the present 
invention can be used for other structural materials, interior 
materials, and construction materials, and no limitation is imposed 
when these materials are used. 

The following explains the present invention, referring to 
working examples and comparative examples. 
Working Example 1 and Comparative 1 

A PVA whose polymerization degree was 1730 and saponification 
degree was 99.9 mol % was formed in a 16 % aqueous solution, and n:::c 
acid in a quantity of 2 % was added to this stock solution, it- 
solution was spun -into a caustic alkali Glauber's salt aqueou.-: 
solution through a metal plate having 1000 holes. After the stun yarns 



were neutralized and washed with water, they were dried and then drawn 
and heat-treated with a total draw ratio of 14. 

The obtained fiber's unifilar denier was 1.3 dr , its postdrying 
strength was 98 kg/mnr, its ductility was 5.3 %, the initial modulus 
of elasticity at that time was 3.4 x 10 ; kg/mm', and the residual 
boric acid was 0.3 %. 

First, according to the following methods, some samples were 
prepared by treating this fiber during the production process and 
after winding and some by cutting and then treating. 

(a) Filaments that had been wound were swollen in warm water, immersed 
in a treatment tank in a stretched condition, treated continuously in 
a 105° C hot-air drier, and wound. The filaments thus prepared were 
cut into a 6 mm length and used as a sample (a pos tt reatment method) . 

(b) Filaments that had been wound were firstly cut into a 6 mm length 
and dispersed and swollen in water, immersed in a treatment solution, 
dewatered, and subsequently dried with hot air, thus obtaining cor. ton- 
like fibers, which were used as a sample (a post -cutting treatment 
method) . 

(c) During the fiber-production process, the fiber was immersed in a 
treatment tank in a stretched condition after it was washed with wat el- 
and a conventional method was carried out from the drying proress 

The wound fiber thus prepared was cut into a 6 mm length and used as a 
sample (an in-process, predrawing treatment method). 



(d) During the fiber-production process, the fiber was immersed ir. a 
treatment tank after a drawing/heat-treatment and then dried and wou 
after which it was cut into a 6 mm length and used as a sample. 

The following were used as the PVAs employed for the coating 
treatment . 

(1) A 20 g/L aqueous solution of itaconic-acid-modif ied ?VA 
(polymerization degree: 1700, saponification degree: 99.3 mo I * , and 
degree of modification by itaconic acid: 1.3 mol %.) 

(2) A 1:1 mixture of itaconic-acid-modif ied PVA and partially 
saponified PVA having a polymerization degree of 1740 and 
saponification degree of 96.5 % was formed into an aqueous solution 
containing said mixture at a concentration of 20 g/L. 

(3) To the aqueous solution described in (2) was added 10 g L of a 
fiber- treatment oil agent, a nonylphenyl ether POE adduct, thus 
obtaining a dispersion. 

A comparative example was a sample with no coating treatment . 

Evaluation of adhesion improvement 
1. Bending strength test with premix board: Using ordinary Portland 
cement, the W/'C was set to 0.5, and the sample fibers of (a) through 
(d) were mixed into the cement in a quantity of 2 % by weight of the 
cement, which was then poured into a mold form and press- formed and 
subsequently cured for 4 weeks in 2 0" C water. The bending . * ■ 
this product was tested. 



2. Dispersibili ty test: The quantity of the fibers of (a) through ■; d . 
was set to 1.5 % of water, and, using a TAPPI standard disaggregat 10: 
machine, paper-making was carried out for 500 counts, and the 
dispersibility was evaluated by visual observation. 

© Excellent: Each individual fiber was uniformly dispersed. 

O Good: Fibers were dispersed, but there was slight adhesion between 

fibers . 

A Normal 

X Poor: Dispersibility was poor, and many fibers adhered together. 
XX Extremely poor: Fiber balls were formed. 

3. Adhesion strength: In a cement having a W/C of 0.5, the fibers of 
(a) through (d) were buried at 5 to 10 mm below the surface. After z: 
cement was cured for a given time, the fibers were pulled. The ratio 
of the number of fibers pulled out to the total number of the buried 
fibers was found, this ratio being taken as the adhesion strength. 
The results are shown in Table 1. Table 1 also shows the adhering 
quantity of PVAs . 
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Key: a) pos ttreatment method; b) postcutting treatment method; c) 
predrawing treatment method; d) postdrawing treatment method; e) 
working example; f) comparative example, g) test No.; h) treatment 
methods; i) no treatment, (1) no coating during the process, (2) fiber 
was coated with water according to the predrawing method, (3) fiber- 
was immersed in water according to the pos ttreatment method; j i plain; 
k) Asbestos 6D 2 %; 1) dispersibility ; m) bending strength; n) 
adhesion (pulled ratio) ; o) treatment solution and adhering quantity 
(%/PVA fiber); (1) itaconic acid PVA; (2) itaconic acid PVA - 
partially saponified PVA; (3) (2)+ oil agent. 

Compared with plain cement mortar shown in the comparative 

example, untreated PVA fibers, asbestos, etc., contributed to bending 

strength, and Test Nos . 2 and 6 of Working Example i had poor 
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dispersibili ty . However, Test No. 11 had good dispers ibi 1 i ty as well 
as improved adhesion, and its bending strength was 1.7 times that of 
the untreated samples. The fiber- treatment timing also played an 
important role for achieving the coating effect. 
Working Example 2 

An aqueous solution of a PVA having a polymerization degree of 
1760 and saponification degree of 99.8 mol % to which 3.8 % of boric 
acid was added was spun in a caustic alkali Glauber's salt bath using 
a metal plate having 1000 holes. In a sul E uric-acid acidic bath, :he 
adhering caustic soda alkali was completely neutralized, and the 
filaments were washed with water to eliminate Glauber's salt and boric 
acid and [illegible] so as to set the boric acid content to 0.2 % . 
After [illegible], these filaments were divided into those that would 
and would not be immersed in a treatment tank and dried by a hot-air 
drier, followed by a drawing/heat- treatment and winding. The total 
draw rate was 14.5, and the residual boric acid content in the 
filaments was 0.2 %. The size of a single fiber was 2.3 dr. The 
strength of this fiber was 1.2 x 10" kg/nun", and its ductility was 
5.2 %. Its Young's modulus was 3.5 x 10" kg /mm' . 

The treatment solutions used for the PVA surface treatment was 
prepared as follows: 

(1) To an aqueous solution of a PVA whose polymerization degree was 

1700 and saponification degree was 99.9 mol % was added, in a 

sulf uric-acid acidic condition, [3-aminobutyl aldehyde dine:::ylace:.a. 



to aminoacetalize it, thereby obtaining a basic polyvinyl alcohol. Tee 
degree of aminoacetalizat ion was 2 moi %. This aminoacetaiized PYA was 
formed into an 8 g/L aqueous solution. 

(2) To the solution prepared in (1) was added a regular ?YA vecoce 
polymerization degree was 1730 and saponification degree was '-" . ; : - =it 
a mixing ratio of 3:7, and an aqueous solution having a total ?"A 
concentration of 3 g/L was prepared. 

(3) To the mixture solution prepared in (2) was added a fiber- 
treatment oil agent, a polyethylene ' oxide adduct of quaternary 
stearylamine , so as to set its concentration to 4 g/L, thereby 
obtaining a dispersion. 

The coating of PVA fibers with the treatment solutions (1) through (3) 
was carried out according to two methods: (a) coating prior to drawing 
and (b) coating after winding. In Comparative Example 2 were presented 
fibers that were prepared under the same conditions as in Wording 
Example 2 but that were not treated at all and that were treated only 
with water. 

Evaluation of adhesion improvement 
1. Bending strength test of slates prepared by a paper-making method 
1. The treated fibers were cut into 6 mm lengths, and 2 parts by 
weight of the cut fibers, 5 parts by weight of ehrysotile 
asbestos 5R, a small quantity of pulp, and the remaining y: 
parts by weight of ordinary Portland cement were formed into 
a water dispersion, which was subjected to a paper-making 
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process with a small-scale tester, thus forming a slate. 



After a two-week air-exposure curing, the slate was tested 
for bending strength. 

2. Dispersibility ■ test : According to the same method described for 
Working Example 1 . 

3. Adhesion strength: The same as above. 

The results are shown in Table -2. 
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Key: a) predrawing treatment method; b) pos ttreatment method; c) 
No.; d) working example; e) comparative example; f) treatment me 
g) fiber with no treatment; h) (a) that was treated only with wa 
i) PVA no [illegible]; j) treatment solution and adhering quanti 
(%/PVA fiber) ; k) dispersibility; 1) bending strength; m) adhesi 
(pulled rate); (1) acrylamide modified PVA; (2) acrylamide modif 
PVA + partially saponified PVA, (3) (2) + oil agent. 
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As seen in the foregoing, by surface treating fibers 



cationized PVA and further by improving dispersibility witn a 
treatment oil agent, a strength improvement of about 40 h rou! 



achieved; as a consequence, modified PVA fibers having a high 
reinforcement efficiency that did not slip out in pull tests v/e 
obtained. 
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Specifications 3 1 

1. Title of the Invention 

Fiber-Reinforced Cement Mortar and Concrete Compositions 

2 . Claim ( s ) 

Polyvinyl alcohol fiber-reinforced cement mortar and concrete 
compositions characterized by having fiber mechanical properties, i.e. , 
a single fiber strength of 60 kg/mrrr or more, a Young's modulus of 1.5 -10 
kg /mm" or higher, and a shrinkage rate in 100°C boiling water of 8- or 
less, and containing 0.2 to 4 wt . % cut polyvinyl alcohol fibers (based 
on the total charged solid content) having an AR value of 3 0 to 150 and 
a monofilament fineness of 100 to 1,000 denier. 

3. Detailed Specifications 

The present invention relates to a fiber-reinforced cement mortar 
or concrete comprised by containing polyvinyl alcohol (abbreviated "P- : A" 1 
fibers in cement mortar and concrete. Cement mortar and concrete nave 
various features , e.g., durability and fireproof ness , and high mo Ldabi 1 i t y 
and compressive strength thereof. However, they have drawbacks when they 
are used in structures because they are brittle materials and the folding 
resistance and tensile resistance are poor. They have other drawbacks 
from the standpoint of safety and management, such as external damage 
caused by water leakage and peeling , fr.om cracking occurring due to swelling 
and contraction of the matrix, and structures collapse into a destroyed 
state. Yet another problem is the heaviness itself. 



Number in margin indicates pagination in the foreign text . 



The usual method for improving these drawbacks is to reir.forre the 
cement mortar and concrete with rebar. However, it cannot oe said :::a: 
this is sufficient from the materials, members, work, usage, and economic 
standpoint. By using steel fibers and alkali-resistant glass fibers in 
concrete and mortar in recent years, steel fiber-reinforced concrete or 
mortar, alkali -resistant glass fiber concrete or mortar are put to practical 
use by improving the drawbacks of concrete or mortar. 

Even though steel fibers have features, such as high strength and 
Young's modulus per cross section and good adhesiveness to cement, there 
are drawbacks, e.g., a reduction in the strength due to rusting, a _J 
reduction in reinforcing property due to a decrease in the bond strength. 

Spoiling of the appearance of the surface is brought about by rust. 
Steel fibers have more drawbacks in order to increase the vo 1 . -> to manliest 
the effects of their high specific gravity, e.g., the addition rate per 
weight is enormous, the fibers themselves are heavy and the economics 
are poor. In addition, there are problems from the standpoint of production 
and cost, such as a profiled cross section, and a hook or dogbone shape 
lengthwise. Meanwhile, there are also problems, e.g., a dispenser tor 
improving the dispersibili ty is required from the standpoint tf working, 
handling with the bare hands is impossible from the standpoint of safety, 
and mixing and kneading take time. As a result, productivity/ is reduce::. 

Aproblem remains with the alkaline durability of the alkal i - res is r -m: 
glass fibers even though they are alkali-resistant glass fibers, so t net- 
could not be utilized as durable structure members . Even if chopped stress 
of alkali-resistant glass fibers are blended with or added t: s thereto 
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and mortar, basically, the fibers break, decreasing the fiber length and 
spoiling the surface, and sufficient reinforcing effects cannot be 
manifested. Therefore, this cannot help but occur in dry blow molding, 
etc., and problems also remain from the standpoint of handleabiiity and. 
workabi 1 i ty . 

And fiber-reinforced concrete and mortar using organic synthetic- 
fibers were also studied. Among these fibers, there are polyo le i in-oased 
polyethylene and polypropylene fibers , vinyl-based polyvinyl rdene chloride , 
polyvinyl chloride , polyvinyl alcohol andpolyacryloni trile fibers , various 
polyamide-based nylon fibers typified by 6 and 6, 6 -nylon fibers, 
aramides-based Kevlar fibers, and various other polyester -based and 
polycarbonate-based organic synthetic fibers. However, in addition to 
polyolefin- and PVA-based fibers, vinyl-, polyamide- and polyester-based 
fibers have little reinforcing effects because they are hydrophobic, their 
adhesion to a cement matrix becomes poor, and the fibers draw out of the 
matrix when they are broken. In order to prevent the fibers from being 
drawn out, ways are being contrived to form projections and nodes lengthwise 
so that the fiber cross section is profiled and the fibers do not slip 
through the matrix. For example, the fibers are prevented from slipping 
through the matrix by forming bumps at both ends thereof according to 
Tokko No. 49-37407 or by forming projections on the peripheral surface 
of the fibers , as shown in Tokkai Nos . 55-67559 and 8 54 57 . Detailed research 
is also reported in "Seisan Kenkyu" 31:4, pg . 23 (April 1979) . But since 
the adhesiveness of the polyethylene fibers used here to the matrix is 
poor, the strength is maintained after cracking by forming projections 



on the surface. On the other hand, there is a conflicting drawback because 
the strength of the fibers decreases when cracking develops as the rate 
at which the fibers are added increases. Otherwise, the fibers must be 
improved from the standpoint of workability and economics. 

The alkali resistance of polyester-based organic synthetic fioers 
is weak, so they cannot be used in durable members, such as concrete and 
mortar . 

The properties of a cement mortar using PVA fibers is reported in 
"Cement Science and Concrete Technology " pg . 2 (May 1965) . It is reported 
here that the fibers must be dispersed by using a surfactant , the di f ference 
between the strength at the time of overall breakage and the postcrack 
strength should be 25 or 100 denier, and the greater the fineness, tne 
higher the bending strength, the greater the rate at which the fibers 
are added, the lower the strength, etc. 

As a result of painstaking research to improve the drawoacks 
fiber-reinforced concrete using steel fibers, alkali-resistant glass fioers 
and organic synthetic fibers the inventors of the present invention achieved 
the present invention by using PVA fibers, which are organic synthetic 
fibers . 

The purport of the present invention comprises PVA fiber- rein touted 
cement mortar and concrete compositions having basic fiber mechanical 
properties, i.e. , a single fiber strength of 60 kg ■ mm" or more and a Young's 
modulus of 1 . 5x10* kg /mm' or higher , having shape stability, i.e., a shrinkage 
rate in 100°C boiling water of 8% or less. The monofilament fineness 
of 100 to 1,000 denier. 0.2 to 4 wt . % cut PVA fibers (based the ' ' * ■ 
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charged solid content) , which are PVA fibers having a cur: length with 
an AR value (generally called the "aspect ratio", which is a value equal 
to the fiber diameter subtracted from the fiber length thereof ) of 31 
to 150 are contained. 

First of all; PVA fibers consist of highly hydrophobic water- 379 
soluble polymeric substance having an -OH group on a side chain, which 
is called polyvinyl alcohol, by subjecting polyvinyl acetate : o 
saponification. Highly crystalline PVA fibers may be obtained by spinning, 
drawing, and heat-treating this substance. Said fiber is water soluble 
and highly hydrophilic, but in order to manifest fiber's performance, 
its water insolubility is featured upon performing high drawing and high 
heat treatment or by obtaining shape stability thereof by acet: ai i rat ion 
or a crosslinking treatment so that it becomes insoluble in water. The 
shrinkage rate in 100°C boiling water of 8% or less described in the present 
invention is on a scale exhibiting the shape stability of the PVA fibers. 

It is a mandatory condition to regulate the swellabi lity at this temperature , 
that is, the shape stability under extremely strict conditions to bring 
the moisture content to 20% after a centrifugal dewatering at 3, IOC rem. 
or less without dissolving the fiber in 100 C C hot water. The fact that 
there is no reinforcing property since there is no difference in the hr-ia::: 
when the fibers are completely broken and when cracking develops v : h. 
denier and the fact that the bending strength decreases if the amount 
of fiber added increases are reported in the previously described '• • • - : 
Science and Concrete Technology" pg . 2 (May 1966). In the rirst p^ace, 
the fibers slip easily through the matrix because the added PVA fibers 



swell and contract when they bend and break, and in the second place, 
there are many drawbacks because the PVA fibers are present in the molded 
article as if a cavity is formed therein and no reinforcing effect occurs. 
As the fineness of the monofilament increases by 100 to 1,300 denier, 
the amount of swelling and contraction of the fibers increase axially 
and radially, so the fixability of the PVA fibers to the cement matrix 
tends to worsen. That is, although the reason the shape stability •: :: 
the fibers does not deteriorate is unknown, it is essential to maintain 
the shrinkage rate in 100°C boiling water at 8% or less. Obtaining such 
PVA fibers can be accomplished by subjecting the fibers to a sufficient 
shrinkage treatment at a low temperature in the heat treatment step, or 
heat treating cut fibers in 100 to 250°C hot blown air. This can be further 
accomplished by a high drawing treatment, acetalization, or a cross Linking 
agent treatment using titanium or the like. The PVA fibers present, m 
the cement mortar or concrete had no dimensional stability and it was 
possible to maintain a state where the PVA fibers were firmly bonded to 
the cement matrix by keeping good shape stability. Furthermore, PVA floors 
have compatibility with the original hydrophilic -OH group and with the 
cement matrix constituent ( s ) . Accordingly, what differs from the 
polyolef in-based polyethylene and polypropylene, vinyl-- based polyvinyl 
chloride and polyvinylidene chloride, polyamide-based 6 and - , -::y . . , 
and polyester-based hydrophobic organic synthetic fibers is tnat the 
bondability of the PVA fibers to the cement matrix is high and modifying 
the fiber shape is unnecessary because pro j ections are formed on the sur r ace 
of the fibers without making a profile cross section. Improving tne 



fixability, forming projections and nodes on the surface, and making a 
profile cross section is, although useful for increasing the fixability 
thereof, insignificant in view of the productivity, mechanical properties 
of the fibers and economics. 

The strength and Young ' smodulus of asingle filament that is necessarily 
60 kg /mm" or higher and 1.5x10' kg/mm or higher, respectively, will be 
explained next, and so will the tensile strength and bending strength 
of a composite material according to the composite rule and fiber spacing 
principle. First of all, according to the composite rule, the fiber must 
be useful in improving the postcrack strength in order to improve the 
bending strength of a composite material. Manifesting that effect is 
connected to the strength of the fibers, so the higher the strength of 
the fibers the more improved the reinforcing property is. Therefore, 
it is necessary that the strength of a single filament be 6 0 kg rnv . 7r 
it is less than 60 kg /mm", the postcrack reinforcing property decreases. 
The higher above 1.5xl0 3 kg/mm 2 the Young's modulus is, the better it is. 
But if it is less than 1.5x10' kg/mm : , the cracking resistance decreases, 
which is not preferable. 

According to fiber spacing principle, propagation of crocking is 
inhibited ['inhibited' is misspelled in source] better by including numerous 
fine fibers, but it is extremely difficult to evenly disperse fibers with 
a fine fineness in a thick slurry, such as cement mortar or concrete. 
A range of 100 to 1,000 denier is ideal from the standpoint of : : t:t 
dispersion and inclusion. If the fineness is greater than 1, :~: denier, 
the effect from adding the fibers is not helpful for preventing y y?a,tti :. 
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of cracking because the number of fibers added is curtailed. If it is 
less than 100 denier, a uniform dispersion is not obtained. If the cut 
length is shortened so as to obtain a uniform dispersion, no _J 
reinforcing effect is obtained. 

One reason that the resulting fineness of the single filament is 
100 to 1,000 denier and it is cut so that the AR value is 30 to 1 : . 
because a non-dispersed state, such as a fiber ball, does not develop 
even when said PVA fibers are added during dry mixing of the cement ntrtar 
and concrete or to the slurry after adding water and mixed in any sequence 
or method. The highest AR value of a steel fiber is about 60. However, 
when the AR value of PVA fibers reaches 150, a benefit was able to be 
discovered from the standpoint of working. A more ideal AR value is 5 J 
to 120. Of course, PVA fibers are safe because it is not necessary to 
pay attention to handling and individual safety because they do not pierce 
a body like steel fibers do. It also is possible to utilize a disperser 
for steel fibers. Furthermore, a conventional batcher plant or concrete 
mixer car can be used, as in the past. 

The rate at which the PVA fibers are added differs depending on 
member and the method being used. This will be explained in items i ! 
to 3 ) next . 

1) For the purpose of preventing cement mortar from cracking, assuming 
that the sand/ cement ratio is 1 to 3 and the water cement ratio is about 
0.4 to 0.8, 0.2 to 0.5% of PVA fibers is satisfactory, based on the total 
charged solid content. 
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2) Assuming that a crack strength is obtained when the cement mortar 
is used as a member for constructing buildings , and a high post era tk strength 
and toughness are obtained, 0 . 2 to 4 wt . % of PVA fibers is required, based 
on the total charged solid content. 1 to 2 wt.% is ideal. If it is less 
than 0.2 wt.%, the reinforcing property of the added PVA titers is not 
manifested, and if it is greater than 4 wt.%, the dispersibility o: • ::• 
fibers deteriorates, the flow value decreases, and no workability is 
obtained . 

The composition obtained as such exhibited an increase in the postcrack 
folding resistance at the bending strength thereof, a large postcrack 
high-load strain, a several ten-fold toughness over the plane, and abundant 
toughness. The crack strength also improves. 

Thus, PVA fibers can be utilized in a high energy-absorbing memoer 
and in an earthquake-proof member for keeping shape-retention during 
earthquakes . 

3) The larger the AR value of the fibers, the better it is when a 
large coarse aggregate is utilized as a concrete member. 0.5 to 4 wt . ? 
of PVA fibers with respect to the total charged solid content are desirably 
contained. The reason for this is the same as the one described in item 
2) . 

An increase in the magnitude of the postcrack maximum load strain 
that is connected to improving toughness has the ability to improve tne 
bending strength and absorb high energy. For example, the ?VA rmers 
can be utilized in members used in civil engineering, such as ori:;o^s. 
pavements for roads, and tunnel linings and slope protection using spr-vy 



methods. They can be utilized in pressure-proof members, such as bear::::: 
beams and walls, in building members. PVA fibers having features iron 
the standpoint of energy absorption against earthquakes and for roads 
and bridges with heavy traffic as well as postcrack shape retention and! 
from the standpoint of safety are considered. 

From the standpoint of workability, there is no deterioration of 
the mixability, marked reduction in the slump value, etc. The specific 
gravity of the PVA fibers decreases to 1.26, so they are easily uciinaoie 
as pumpcrete. There are no problems even if they are used as shotcrete 
for spraying work . No damage or wear of mechanical equipment or instruments 
occurs as with steel fibers, and the handleabili ty can be treated as with 
conventional concrete or mortar. 

The compressive strength does not decrease just because an organic 
polymeric substance is contained; this is substantially the same as when 
no PVA fibers are added. 

The use of PVA fibers as an additive material is explained next. 

PVA fibers can be round or elliptical fibers obtained by spinning 
PVA in a dry or wet method, and then drawing and heat treating their.. 
They can be a fibrous material or a flaky one obtained by cutting the 
PVA resin into the form of fibers. Or they may be made bulb shaped by 
flash spinning, etc. The shape of the spinning nozzle can be changed 
during spinning to get a profile cross section, and unevenness car. in- 
formed by a post-processing. Furthermore, these fibers may be heat _j 
treated and subjected to acetalization to improve the shape . • a; : . : • y 
by a crosslinkmg treatment. 
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The PVA fibers can be mixed and used with alkali-resistant glass 
fibers, carbon fibers, asbestos pulp, and other organic synthetic fibers, 
such as polyethylene and nylon fibers. 

The cement is a regular hydraulic cement or Portland cement . Ordinary 
Portland cement, early-strength Portland cement, moderate-heat: Por: .and 
cement, sul fate-resistant Portland cement, and white Portland ceneiv. die 
used. Mixed cement species can be used without any limitation, e.g., 
Portland blast-furnace slag cement, silica cement, and fly-ash cement. 
Alumina cement, expansive cement and ultra high-ear ly-strength Portland 
cement also can be used. 

Sand, crushed sand and crushed stone from rivers, the sea or Land 
are used as fine aggregates. Aggregates having a maximum length of 5 
to 100 mm in bridge piers, foundations, thick walls, floor boards, arches, 
beams, thick plates, and the like are selected as coarse aggregates. 
Furthermore, lightweight artificial aggregates may be used. 

It is also possible to use AE agents, flowability improving agents, 
water reducing agents, thickeners, water retaining agents, and water 
repellents as admixtures. 

Glauber's salt, gypsum, sodium carbonate, calcium carbonate, 
triethanolamine , and calcium chloride, which have been used in the past, 
may also be used as curing accelerators. 

Sodium silicate, potassium bichromate, sodium silicof luorioe car. 
be used as setting accelerators. For spray methods, crack repair, and 
the like, it also is possible to use admixtures composed rrainiy of a pr-wcie re- 
setting accelerator, such as sodium carbonate or sodium, alum.mate. 



Ligninsulf onic acid salts and hydroxycarboxylic acids, v;hich are 
setting retarders, as well as inorganic retarders, such as magnesium 
silicof luoride and Ritaaru [transliteration], can be used. 

From the standpoint of construction, bar arrangement is possible, 
as in the building of large, indeterminate structures, such as high bridges, 
which also can be used in sliding methods and preventing cold joints. 

With the PVA fiber-reinforced cement mortar or concrete in the presen 
invention, an improvement in bending ' strength can be planned and member 
with abundant toughness and 30 to 40 times better than that at the plan 
are obtained by charging it with 2 wt . % PVA fibers. Furthermore, the 
performance can be applied not only in the field of civil engineering 
but also the field of construction from the standpoint of shape retention 

Firstly, in the field of civil engineering, the fiber can be use- 
in concrete road pavements, including ordinary roads and airport runways 
In this field, the use of the fiber as a reinforcement is effective ir 
improving the bending strength, shock resistance and wear resistance, 
and enables omission of steel reinforcements or reduction in the quantity 
of steel reinforcements, reduction in the thickness of concrete flooring 
and/ or, furthermore, reduction in the term of works and/ or in raw materia 
quantity . The fiber can be used in slope protection by spraying . It exhioi t. 
an effect on the bending strength merely by spraying these lightly, 
the fibers are hydrophilic, the rebound is also small. Likewise 
fibers can be sprayed inside tunnels and they are sof t , elastic , h yriroph: lie, 
lightweight, and the like, so there is little splashing of aggregate a:i: 
fibers. The concrete hardly slumps, which is effective from, the standr : r:m 



13 



of yield and safety. The fiber can be used as a concrete member or 
earthquake-proof member when it is constructed in bridges. 

Secondly; the fiber can be used in concrete products , such as moid-shape' 
sheet piles, hollow cylindrical products, for example pipes, piles an- 
poles , etc . 

The fiber can be used in concrete products for roads, such as :1a 
concrete boards for footways, reinforced concrete U shapes, concrete o 
reinforced concrete L shapes, concrete boundary blocks and reinforced 
concrete guardrails . 

The fiber can be used in pipes and tubes, such as reinforced concret 
pipes formed by centrifugal molding, and furthermore, span pipes with 
sockets, reinforced concrete pipes, rolled reinforced concrete pipes, 
plain concrete pipes , core -type priestesses concrete pipes , asbestos cemen 
pipes for aqueduct, cable pipes, cable ducts, sewage pipes and product 
for irrigation and drainage. 

The fiber can be used in retaining products , such as reinforced concret 
sheet piles and prestressed concrete sheet piles. 

The fiber can be used in poles and posts, i.e., centrifugal 
force prestressed concrete poles, centrifugal force reinforced corirret 
poles, and centrifugal force reinforced concrete posts. The fiber car 
be used in products for slabs and beams and it can be used widely in pres t : se 
concrete beams for slab bridges, prestressed concrete beams for girde 
bridges, prestressed concrete beams for light load siao bridges, an-:; 
prestressed concrete double T slabs. 



Thirdly, the fiber of the invention can be added to cement mortar 
molding materials to be molded by extrusion, which is a special molding 
method, so that the bending strength and shock resistance can be improved. 
PVA fibers can further be added to mortar compositions for spraying ^r 
for application to walls for improvement in shock resistance ana bending 
strength and, of course, for cracking prevention. 

The fiber can be used as a mortar for plastering. Otherwise, it 
can be used in expressways, runways, overlays, pavements for pedestrian 
bridges and bridge floors, and repairing materials thereof as well as 
footway pavements. The fiber can be -used further in forms or molds, and, 
disposable forms. There are sewage pipes, cable pipes, caole ducts, etc. 

Further, the fiber can be used in road construction materials, e.g., 
sound insulating materials, street signs, pavement reinforcements, side 
ditches, tunnel interior materials and piles. There are materials for 
construction, e.g., exterior building materials. They can be used in 
shell structures , curtain walls , exterior panels , molded roof: ing mater ia is , 
parapets, spandrels and exterior reliefs. Said fiber can aiso be used 
in interior building materials, e.g., wall materials, reliefs, flooring 
materials, and ceilings. The fiber can be used further in forms or molds, 
disposable forms , floorboards, girders, foundations for machinery, nuclear 
reactor housing, liquefied petroleum gas containers, office partitions, 
and stairway construction materials. The fiber can be usee also in thin 
shell ferroconcrete structures, e.g., ship equipment ana boats, buoys, 
floating piers, gathering places for fish, tetrapods, and the like, 
wavebreaking blocks , and bank pro tec ting blocks . In the field, of a::r i ru ^ t nre 



and the like, the fiber can be used in tanks, silos, seedbeds, ranee t :~s, 
vases, flower pots, sheet piles for side ditches, etc. Furthermore, it 
can be used in materials of containers for disposal of waste material, 
such as radioactive waste material. 

The following practical examples and comparative examples are usee; 
to explain the present invention. 
Practical Example 1 and Comparative Example 1 

PVA fibers having a fineness of 500 denier, a strength of 77 kg mir , 
a Young's modulus of 1.7x103 kg /mm*" and a shrinkage rate in 100 : C boiling 
water of 6% were obtained by dry spinning PVA having a degree of saponi f icat ion 
of 99.9 mole % and a degree of polymerization of 1,705. The fibers thereof 
were cut into lengths of 6, 12, 20, and 26 mm, added so as to be 1 of 
the total charged solid content, mixed, kneaded and molded, and the bending 
strength was measured according to the criteria of JiS R 5201. 

Ordinary Portland cement was used for the cement in blending and 
Toyoura standard sand was used for the sand. The water /cement ratio was 
0.4, the sand/ cement ratio was 1, and the flew value was measured by using 
a Hobert mixer for agitation. Then it was poured into a 4*4x16 form, 
the form was removed after overnight molding, and subjected to water curing 
for 2 8 days. 

An Instron TT-CM was used for measuring the bending strength. A 
fiber with a 6 mm cut length and a plane without any fiber added were 
prepared for comparison. The results are thereof were shown in Table-:.. 
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Table-1 





No. 


Cut 


AR value 


Flow 


Crack 


v , ; ™. 1 — - ■ . : - *- _ - 






Length 




Value 


Strength 


Post crack ! 






(mm) 




( mm ) 




Strengt:: ; 


Practical 


i 


12 


50 


16 4 


i ^ 
j_ . o ~± 




Example 1 


n 


2 0 


3 4 




1 0 5 






3 


26 


110 


16 0 


1.05 




Comparative 


4 




2 6 


16 5 






Example 1 


5 




plane 


16 3 


1 . 0 





There was no difference between the flow rate, which is the criterion 
for workability, with that of the plane. The Ar values were high ana 
the maximum postcrack strength increased 18 to 62% over the plane with 
a slight increase in the crack strength in Nos . 1 to 3 . It was continued 
that an 18- to 40-fold higher toughness was exhibited. However, although 
the Ar value of the fiber with the 6 mm cut length of No. 4 of Comparative 
Example 1 was low and the dispersibili ty was good, there was no difference 
to the plane in bending strength of the fiber where the toughness was 
slightly higher. 

Practical Example 2 and Comparative Example 2 J 
The PVA fibers manufactured in Practical Example 1 were cut to lengths 
of 20 mm (AR value: 84), said fibers were added at addition rates of Z.l, 
1.5, 2, 4, and 6% with respect to the total charged solid content . Otherwise, 
the mixability, flow value, bending strength and toughness were evaluated 
in completely the same blending method in Practical Example 1 . The results 
thereof were shown in Table-2 . 



Table-2 





No . 


Addi t ion 
Rate * 


Dispersibility 
of Fibers in 
Mortar 


F i ov; 
Value 
( mm ) 


Crack 
Strength 

1 


Postcrar,: \ 
i . - 7 _ 1 - — . — ^ - — — 


Practical 




1 




1 6 0 






Example 2 


6 


1 . 5 




i c c: 
j — . 


1 . 0 5 








2 




14C 


1 . 0 & 






8 


4 




1 7 c 


1.07 




Comparative 
Example 1 


9 
5 


0 . 1 

6 

plane 


X 


16 j 

1 ^ t 


1 . 0 

Eispers i ■:. 

1 . 0 





The dispersibility was measured by observation with the unaided eye. 
In sample No. 10 in which the addition rate of fiber was high, a fiber 
ball was formed and could not be molded. Otherwise, there was a surtie 
in the toughness, and a 2.8-fold increase in the maximum postcrack strength 
by changing the fiber addition rate. There was no effect thereof in sample 
No. 9 having a low addition rate and it was the same as the plane. 
Practical Example 3 and Comparative Example 3 

Concrete containing 1% of the PVA fibers manufactured in Practical 
Example 1 cut to a length of 26 mm (AR value: 110) with respect to the 
total charged solid content was manufactured. The target, slump value 
was 18 cm serving as the base value by selecting 15 to 20 mm, crushed stone 
as the coarse aggregate. The target -air volume was 5%, the water cement 
ratio was 0.6, and the fine aggregate proportion was 0 . " 7 . The ur.it water 
volume was 207 kg, the unit cement quantity was 345 kg, I,1C~ kg or nine 
aggregate was used, this was stirred in a tilting mixer without using 
an admixture, poured into a 10x10x40 form, and evaluated accordi::c: vr 
the criteria of JIS A 1132. The bending strength was measured : ; : u : 

to the criteria of JIS A 1106 , the compressive strength teas measured aoc-: ■ ~: : ' ■ • 
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to the criteria of JIS A 1114 after the mold was released tr:e nexr. ady 
and water-cured for 28 days at 20°C by using a Shimadzu Model RH-200 universal 
testing machine. The results thereof were shown in Table-3. 



Table-3 





No . 


Slump 

( cm) 


Air 

Volume 
I %) 


Crack 
Strength 


Max imum 
Postcrack 
Strength 




Practical 
Example 3 


11 


1 i 
j < 


6 . 2 


1 . 03 


1 c 




Comparat ive 
Example 3 


1 z 


18 


5 . 3 


1 . 0 


1 . 0 


: 



Microcracks developed due to load at three points in Practical Example 
3, but they did not lead to damage, and there was maximum strength while 
keeping the shape retention. The strength of the fibers decreased while 
subsequently drawing them, but they did not break easily, and no fragments 
of concrete flew about. 
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